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Abstract 
In order to get a good cleaning effect, we can change the location of ultrasonic cleaning device according to the 
ultrasonic propagation characteristics of ultrasonic. Judge by Doppler shift principle, this article build an equation 
which depict that ultrasonic disseminate in the mobile liquid. According to the relationship between viscous force and 
velocity gradient, this article build an equation which depicts that ultrasonic disseminate in the viscous liquid. The 
equation was facilitated and solved base on the characteristic of axial symmetry model. The results indicated that the 
velocity of mobile liquid can enhance the sound wave attenuation.The faster liquid flow rate, the higher the degree of 
attenuation. Liquid viscosity plays an important role in sound wave attenuation. The high frequency of ultrasonic, the 
more attenuation will produce.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction  
The problem of scaling in heat exchanger ,evaporative cooling equipment and metal pipe which apply 
to chemical, electric power industries had made great impact in the safety and economic of enterprises In 
recent years ,ultrasonic technology had widely applied to the boiler water treatment, heat exchanger anti-
scaling , equipment cleaning. Ultrasonic anti-scaling technology was mainly used the ultrasonic cavitation 
and mechanical effects. The two large scale effects create conditions which can prevent the deposition of 
dirt on metal surfaces. The technology was suitable to prevent the inorganic fouling production in the inner 
surface of equipment and pipe wall. Environmental parameters (such as liquid viscosity and temperature, 
pressure, flow, etc.) and the distribution of transducer had a significant effect on the prevention and 
removal of scale. Viscosity of liquids was the main cause of ultrasonic parameters change [1][2]. The 
experiment showed that the higher the frequency of ultrasound, the more change time in unit time, the 
stronger the mechanical effect on liquid. Meanwhile, the higher the frequency, the more favorable 
Available online at www.sciencedirect.com
2 blished by Elsevier Ltd. Sel ction and/or peer-revi w under r sponsibility of Hainan University.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1080   Zhang Aiping et al. /  Energy Procedia  17 ( 2012 )  1079 – 1085 
Fig.1 the relation between moving
coordinate and static coordinate
absorption of ultrasonic energy of liquid and enhance the thermal effect of ultrasound. As the liquid 
viscosity, frequency became higher, cavitation was not obvious, ultrasound energy attenuation in the liquid 
was also faster. As the liquid flow, relative movement will happen between ultrasonic and liquid, in the 
stationary coordinate system, the ultrasonic velocity has changed. Therefore, other parameters change 
accordingly. According to the classical acoustic theory of ultrasonic propagation it builds mathematical 
model which describe the ultrasonic propagation in the flow of liquid and discused the effect which the 
viscous liquid Affect on mathematical model. 
2.The Mahthematical Model of Ultrasonic Spread in Mobile Ideal Fluid 
The motion equation and continuity equation which ultrasonic spread in the static ideal fluid were: 
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iv , ix  was changed with i. They represented the component of three directions. 
The above equation can describe the sound field distribution if the ultrasound spread in a straight tube 
and the liquid in tube was stationary. The sound propagation speed, pressure and other parameters’ changes 
will be influenced when the fluid flow in tube. With this in mind, two coordinates were used to describe 
the above equation. S coordinate system was used to describe the coordinate system in which observer stay. 
Assuming the liquid velocity as V, the ultrasonic velocity as c. It was consider that the liquid carry the 
ultrasonic along x direction at speed V. So ,coordinate system S ' can be used in to describe the coordinate 
system that move with the fluid.In coordinate system S ' the equation (1)(2)can be described as:  
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Coordinate system S and S ' had the following relations: 
tVxx iii  
' ˄5˅ t = 't (6) 
Fig.1 shwoed the relation between moving coordinate and stationary coordinate A function that 
relate with time and space can be set up:f(x,t) 
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 According to (7) (8) we can simplify to equation (3) (4)as 
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We can get the wave equation that ultrasound spread in the moving liquid. According to the above 
equation and the formula Udcdp 2 
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When the ultrasonic wave spread in the heat exchanger pipe, it can be thought as a plane wave. Only 
considered the fluid spread in the x direction, we can simplify to equation (11)as: 
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The solution of  equation(12)was  
tjyjkxjk yxepp Z 0
The pipeline axial symmetry can be seen as two parallel plane which ultrasonic spread in. Set y = 0 
was rigid, the acoustic impedance was f z .And y = d interface had a finite impedance
E
Uc
z  .The 
fluids flowed  in x direction between two interface in xV .
Sound pressure in 0 x which ultrasonic transducer generate was jwteptp 0),0(  .There was a 
free surface in lx  .The boundary conditions were 0)(,)0( 0   lppp .The solution of equation 
(12)can be described as 
jwtxjk
y eeykpp
x  )cos(0 (13) 
In the function (13)  
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tc is the acoustic velocity in stationary coordinate system. 0p is initial value of sound pressure 
in 0,0   yx  . yx kk , were the transmission coefficient of ultrasonic which spread in tube in x 
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direction and y direction. Note that Z in the function was the angular frequency in stationary coordinate 
system. The relationship between Z and 'Z ( angular frequency in moving coordinate 
system.)is )cos1(' TZZ
c
Vx . T  in above function was the angle between liquid movement 
direction and the plane wave normal direction. 
The function (13) can illustrate that  the distribution of sound pressure was not only associated with 
displacement in x direction but also associated with displacement in y direction and the transmission 
coefficient in y direction because of the flowing of fluid 
This was because one of the important aspect of the flowing of fluid is interaction with the interface 
which can impact the propagation of ultrasonic [3].Fig.2 showed the effect of mobile liquid on ultrasonic 
sound pressure distribution. There was no sound attenuation in ideal fluid, sound pressure was sinusoidal 
distribution. The liquid flow generated sound attenuation. Its attenuation was exponential distribution. As 
the liquid flow rate was far lower than the ultrasonic propagation velocity in the liquid, the liquid flow 
had little effect on the ultrasonic propagation. 
3.The Mathematical Model of Ultrasonic Spread in Stationary Viscous Liquid 
Fluid viscosity was a major cause of ultrasonic attenuation [4][5][6].  Viscosity coefficient was 
describe by K .It composed by shear viscosity coefficient 'K  and capacity variable viscosity coefficient 
"K .In the general fluid mechanics problems, the capacity variable viscosity are often ignored. However, 
it played an important role in ultrasound propagation. 
The relationship between two viscosity coefficient was  K =
3
4 'K + "K Ǆ
The viscous force in per unit area was in direct proportion to the velocity gradient 
x
v
T
w
w K'
Viscous stress must be calculated in equation of motion 00  w
w
w
w
x
p
t
vU
0 2 4 6 8 10 12 14 16 18 20
-300
-200
-100
0
100
200
300
UH
OD
WL
YH
V
RX
QG
S
UH
VV
XU
H
GLVWDQFH˄P˅
sound pressure distribution in static ideal liquid
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Fig.2 the effect of mobile liquid on 
ultrasonic sound pressure distribution  
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In the ideal fluid media of the wave equation 
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The pressure can be described by 
V
dV
KdP s ˄ 16˅ˈ and
0
2
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K s  .According to the 
definition of sound pressure, the incremental pressure dP  was the sound pressure. As the area of uniform 
cross section, the volume variable was the displacement variable. So the function(14)can be described 
by
x
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The function of ultrasonic spread in stationary viscous liquid can be summarized by the function 
˄14˅˄15˅˄17˅ . 
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Express with sound pressure, the function can be described as[7] 
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Sound pressure ),( txp was the sine function with time. The function(19)can be described by  
jwtexptxp )(),(  .
The function (20) was summarized by function(19)and the above function. 
The above function can be simplified as :  
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In function (21) KjKs   )( ZK .
K
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UZ was wave number. K was a complex number, so 'k was also a complex number. It can 
be described by KD
Z
j
c
k  ' .
The solution of function (21) was   
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A,B were two constants and determined by boundary conditions. In ultrasonic propagation in the 
pipe, sound pressure was constitute by radiated sound field which is produced by transducer and the 
reflected wave which produced by liquid surface or rigid wall ,and this phenomenon can form a standing 
wave in the tube. For the reflection on free surface( liquid surface in this article), sound pressure produced 
by Ultrasonic transducer was jwteptp 0),0(  .
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There was a free surface in lx  .Boundary conditions were 
0)(,)0( 0   lppp
The solution of function (20)can be summarized by the above boundary conditions. 
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Function (24) can be summarized by the above function 
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The real part of 'k  was 
c
Z
 in function (21). It had the same wave number with ideal fluid wave equation. 
The imaginary parts of 'k  is KD .It described the attenuation of sound pressure which change with the 
distance. It was called the acoustic absorption coefficient. The absorption coefficient was described as 
3
0
2
2 cU
KZDK  [8]. 
Fig.3 showed the relation of ultrasonic frequency and sound absorption modulus. Fig.4 showed the 
ultrasonic sound pressure attenuation in two frequency 
The greater sound absorption coefficient , the faster attenuation of ultrasonic sound pressure. 
4.Conclution 
This article analyzed the distribution of sound field characteristics of ultrasonic in theoretical. It 
established the mathematical model of ultrasonic spread in stationary viscous liquid and the mathematical 
model of ultrasonic spread in mobile ideal fluid. Analytical solution was obtained according to boundary 
conditions. It showed that compared with the stationary liquid, the flow of liquid will produce ultrasonic 
attenuation. As the speed of fluid flow in the heat exchanger tubes is not fast, the amplitude of attenuation 
is not large. Viscosity of liquids is largely determined by the course of ultrasonic attenuation. The higher 
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two frequency 
 Zhang Aiping et al. /  Energy Procedia  17 ( 2012 )  1079 – 1085 1085
the ultrasonic frequency, the faster the ultrasonic attenuation in the liquid. The results provide a theoretical 
basis for the numerical simulation. 
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